Two large conjugative resistance (R) plasmids from clinical strains of Salmonella enterica serovar Virchow carried a class 2 integron with the 5 conserved sequence (5CS)-dfrA1-sat1-aadA1-3CS gene array, which is associated with defective Tn7 transposons. In addition, each contained a different class 1 integron (with 5CS-aadA1-3CS or 5CS-sat-smr-aadA1-3CS gene arrays) linked to Tn21-Tn9 sequences, and several nonintegron-associated R determinants. An intact copy of Tn7 (including the class 2 integron) was present in the chromosome of each strain.
Two large conjugative resistance (R) plasmids from clinical strains of Salmonella enterica serovar Virchow carried a class 2 integron with the 5 conserved sequence (5CS)-dfrA1-sat1-aadA1-3CS gene array, which is associated with defective Tn7 transposons. In addition, each contained a different class 1 integron (with 5CS-aadA1-3CS or 5CS-sat-smr-aadA1-3CS gene arrays) linked to Tn21-Tn9 sequences, and several nonintegron-associated R determinants. An intact copy of Tn7 (including the class 2 integron) was present in the chromosome of each strain.
Integrons are gene expression elements that play an important role in the recruitment of antimicrobial drug resistance (R) determinants via site-specific recombination events catalyzed by the integron-encoded integrase (15) . Based on the sequence of the integrase genes, several classes of integrons have been described (10, 12) .
Integrons of classes 1 and 2 were simultaneously found in six isolates of Salmonella enterica serovar Virchow that were recovered as causal agents of acute gastroenteritis in a northern region of Spain. PCR amplifications (4, 20) and/or sequence analysis revealed 1,000-bp/aadA1 and 2,300-bp/sat-smr-aadA1 variable regions in the class 1 integrons of four and two isolates, respectively. The class 2 integrons from the six isolates were apparently identical (EMBL accession number AM055749) and carried the dfrA1-sat1-aadA1 gene array and the inactive integrase gene characteristic of Tn7 (5, 17, 19) . Two serovar Virchow isolates (LSP 231/90 and 205/98), each containing one of the detected integron combinations, were selected for further characterization (Table 1) . Both were resistant to six nonrelated antimicrobial drugs but displayed different R patterns. By conjugation experiments using Escherichia coli K-12 J53 as the recipient, transconjugants (Tc) with R phenotypes identical to those of the parental strains were obtained. The extraction of plasmid DNA using the S1-pulsedfield gel electrophoresis (PFGE) method (1) (Fig. 1A) revealed the presence of a large conjugative R plasmid (pUO-SvR1, ca. 275 kb) in LSP231/90 and its transconjugant (Tc-231), while a different conjugative plasmid (pUO-SvR2, of about the same size) was found in LSP205/98 and its transconjugant (Tc-205). PCR amplifications using Tc-231, Tc-205, and the recipient E. coli as the sources of template DNA confirmed the location of the expected R genes and integrons in the two identified plasmids.
Of note, as far as we are aware, this is the first report on the presence of class 2 integrons in self-transferable plasmids of Salmonella.
In order to investigate a possible association between integrons and transposons (7, 17, 19, 22) , the presence of Tn21-, Tn9-, and Tn7-related sequences in the two serovar Virchow strains and their transconjugants was investigated by PCR amplifications of individual genes (using already-described primers and primers designed for the present work) (4) ( Table 2) . The four strains, but not E. coli K-12 J53, yielded right-sized amplicons with primers that were specific for the tnpA, tnpR, and merEDACPTR genes of Tn21. The same result was obtained for the catA1 gene, which was used as an indicator of Tn9. With regard to Tn7, all tested genes (ybfA, ybfB, ybgA, tnsE, tnsD, tnsC, tnsB, and tnsA) could be amplified from LSP231/90 and LSP205/98. However, genes downstream of ybfA and tnsD were not detected in Tc-231 and Tc-205, respectively. Additional amplifications of overlapping fragments (Fig. 2 ) demonstrated (i) the insertion of the two class 1 integrons within Tn21, which was in turn associated to Tn9, forming complex structures that differed from Tn2670 (7) by the absence of IS1353 ( Fig. 2A) , and (ii) the existence of an apparently intact copy of Tn7, including the class 2 integron, on the chromosome of each of the serovar Virchow strains and of a second copy of the integron, associated to a truncated Tn7, in each of the conjugative plasmids carried by these strains (Fig. 2B) .
LSP231/90, LSP205/98, and their transconjugants were also analyzed by macrorestriction using XbaI-PFGE (11). The two serovar Virchow strains generated distinctive profiles (Jaccard's coefficient of similarity, 0.79), which included 16 matching and 7 nonmatching fragments (Fig. 1A) . Selected probes for classes 1 (qacE⌬1, sul1, and aadA1) and 2 (aadA1, dfrA1) integrons, for Tn21 (merA), Tn9 (catA1), and Tn7 (tnsE and tnsA) transposons, and for R genes that were not associated to integrons or transposons [aacC2, strA, strB, bla TEM , and tetA(A)] were mapped on the XbaI and S1-PFGE profiles of the four strains (8, 13). 2,300/dfrA1-sat1-aadA1 ϩ ϩ ⌬ a The strains were tested for susceptibility to antimicrobial drugs by disk diffusion according to the method of the CLSI (formerly NCCLS) (2) . b Resistance determinants were identified by PCR amplification using previously described primers and conditions (4, 6) . Resistance to streptothricin has not been tested, but the presence of sat genes was established by nucleotide sequencing.
c Resistance from the E. coli recipient strain. d ϩ, positive for the indicated transposon; ⌬, truncated Tn7. e Genes located in the 3Ј conserved sequence region of the integron(s).
With LSP231/90 and Tc-231, all probes except tnsE mapped on a ca. 75-kb fragment of the XbaI profiles and on the ca. 275-kb band corresponding to pUO-SvR1 (Fig. 1B, C , and E through G). The tnsE probe mapped on a 75-kb fragment from LSP231/90 but failed to hybridize with the XbaI profile of Tc-231 and with pUO-SvR1 (Fig. 1D) . These results located the class 1 integron that was linked to Tn21-Tn9 sequences and the class 2 integron inserted into a defective Tn7, as well as all independent R genes within a ca. 75-kb XbaI fragment that was generated from pUO-SvR1. The hybridization of tnsE on a fragment of about the same size suggests the existence of two comigrating bands on the macrorestriction profile of LSP231/ 90, one from the chromosome and one from pUO-SvR1. In the former, the intact copy of Tn7 (including the class 2 integron) would be located. The high intensity of the relevant fragment on the agarose gel (Fig. 1A) supports this possibility.
In LSP205/98 and its transconjugant, the qacE⌬1-sul1, merA, and catA1 probes (and hence the Tn2670-like transposon with the class 1 integron), as well as the probes for independent R genes, mapped on the ca. 275-kb pUO-SvR2 and on a ca. 65-kb XbaI-fragment that was common to the macrorestriction profiles of the two strains and therefore of plasmid origin (Fig. 1B,  F, and H) . The dfrA1 probe hybridized with the 275-kb plasmid, a ca. 40-kb XbaI fragment from the transconjugant, and 
a tnpR-R100-F was used together with tnpA-R100-R at an annealing temperature of 65°C. (Fig. 1C) . These results are consistent with the presence of the class 2 integron in both the plasmid and the chromosome of LSP205/98. This was confirmed by hybridizations with probes for aadA1 (Fig. 1E) , a gene cassette shared by the classes 1 and 2 integrons of LSP205/98, and tnsE (Fig. 1D) . The former gene mapped on the 275-kb plasmid and on two XbaI fragments (65 and 40 kb) from Tc-205. By comparison with results that were obtained with the qacE⌬1-sul1 and dfrA1 probes, the 65-kb fragment would contain the aadA1 cassette of the class 1 integron and the 40-kb fragment would contain the aadA1 cassette of the class 2 integron. In the XbaI profile of LSP205/98, an additional fragment of ca. 75 kb (where dfrA1 was previously located) hybridized with aadA1 and tnsE, hence verifying the existence of the chromosomal copy of the Tn7 integron ( Fig. 1D and E) . The association of the extrachromosomal copies of the class 2 integron with truncated Tn7 transposons was finally corroborated by the absence of hybridization of a tnsA probe with the two plasmids and with the XbaI profiles of the transconjugants (not shown). With regard to public health, serovar Virchow has emerged as the third or fourth most common Salmonella serovar that causes human gastroenteritis in Europe (3, 18) and its incidence is even higher in countries like Australia and Israel, where it has been reported as an important cause of bacteremia in children (9, 14, 16, 21) . Taking this into account, the emergence of multiple drug-resistant strains, such as those reported here, is an obvious cause of concern, as it is this wide range of mobile genetic elements that can efficiently contribute to the acquisition, maintenance, and spread of resistance determinants.
Nucleotide sequence accession number. The sequence for sat-smr-aadA was deposited in the EMBL database under accession number AM055748.
